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@ Take-up apparatus for and package of tape type non-twisted carbon fiber bundle. 



@ A take-up apparatus for tape type non-twisted 
carbon fiber bundles F, in which a traverse 
guide unit 2 consists of an introduction guide 
roller 2^ disposed so that an angle 6^ between 
the introduction guide roller 2^ and the axial 
direction of the bobbin is substantially 90'', a 
final guide roDer 2^ disposed so that an angle 
0« t>etween It and the axial direction of the 
bobbin is -S"" ±10^ and at least one intermediate 
guide roller 22. 2^, 2^ disposed between the 
introduction guide roller 2i and final guide 
roller 2^ so that an angle difference between an 
intemiediate guide roller 23, 2^, 2^ and an adja- 
cent guide roller 2^, 23, 24 is not more than 45** ; 
or a take-up apparatus for tape type non-twisted 
carbon fiber bundles, in which a traverse guide 
unit 2 has a helically continuing cunred gukle 
surface 12. an initial portion, i.e. an introduction 
surface portk)n 12a of the curved guide surface 
12 extending at substantially right angles to the 
axial direction of a bobbin, a final portion 12b, 
l.e. discharge surface portion of the curved 
guide surface 12 extending at an angle in the 
range of -5° ± 10* with respect to the axial 
direction of the tx>bbin. 
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This invention relates to a take-up apparatus for and a package of a tape type non-twisted cartoon fiber 
bundle, and more particularly to a take-up apparatus capable of taking up a tape type non-twisted carbon fiber 
bundle around a bobbin regulariy in a diagonally crossing state without causing folds to occur in the fiber bundle; 
and a package of such a fiber bundle paid out from the same apparatus. 
5 Since a cart>on fiber has extremely high specific strength and specific elastic modulus, a high thermal resi- 

stance and excellent chemical resisting performance, it is used as a reinforcing material for aerospace equip- 
ment as well as sports equipmentand equipmentfor leisure time amusement, such as a golf dub, a tennis racket 
and a fishing rod. When such a carbon fiber is used as a reinforcing material for these products, a carbon fiber 
bundle impregnated with an uncured resin composition, such as epoxy resin and unsaturated polyester is 

10 obtained first, and a plurality of such carbon fiber bundles are then ananged in one direction so that no clear- 
ances occur thereamong, to form a thin sheet type prepreg. 

In recent years, it has been demanded that the weights of the above-mentioned products be reduced, and 
the reduction of the thickness of a sheet type prepreg has been in keen demand accordingly. In order to reduce 
the thickness of prepreg, a carbon fiber bundle, which is a raw material of the prepreg. and which was fomieriy 

15 used in the shape of a rope, has come to be used in the shape of a non-twisted tape. This tape type non-twisted 
cartxjn fiber bundle is impregnated with a resin and then taken up once around a bobbin to be formed into a 
package. A sheet type prepreg is formed by withdrawing tape type carbon fiber bundles from a plurality of pack- 
ages thus obtained and arranging these fiber bundles so that no clearances are left thereamong. In onjer to 
arrange the tape type carbon fiber bundles so as not to cause any clearance to occur thereamong as mentioned 

20 above, it is necessary that the width of each carbon fiber bundle be constant in the lengthwise direction thereof. 

However, when a tape type non-twisted carbon fiber bundle is taken up around a bobbin in a conventional 
take-up apparatus as the fiber bundle is traversed on the bobbin, to be formed into a package, folds occur at 
the fold-back ends of the fiber bundle, so that the width of the fiber bundle cannot be set constant in the 
lengthwise direction thereof. A conventonal take-up apparatus consists of a feed roller 101, a pair of traverse 

25 guide rollers 1 02 and a bobbin 1 03 as shown schemaUcally in Fig. 6. The traverse guide rollers 1 02 are disposed 
so that the axes thereof extend at right angles to that of the bobbin 103. ard a tape type carbon fiber bundle 
F is supplied between these two guide rollers 102 so as to be held therebetween. The fiber bundle thus held 
between the guide rollers is taken up around the bobbin 103 to be formed into a package P as the fiber bundle 
F is faaversed on the bobbin 1 03 rectprocatingly from one end thereof to the other in parallel with the axis thereof. 

30 WhHe the tape type carbon fiber bundle F is taken up from the two guide rollers 102 around the bobbin 103. 
Ihe flat surface of the fiber bundle F is twisted at 90°. and . moreover, the direction of the twist is reversed when 
the fiber bundle F is folded back at the end of each traversing. Therefore, for example, the tape type carbon 
fiber bundle F fonms a fold f, in such a way that the bundle is bent over on itself with the upper surface turned 
facedown, on an end portion of the package P as shown in Fig. 7. 

35 A tape type carbon fiber bundle F on which folds f occur as mentioned above is not smoothly unfolded when 

it is withdrawn from the package P to be formed into a sheet type prepreg, and clearances occur during such 
time among the parallel-fed fiber bundles. This causes the quality of a product made of a prepreg thus prepared 
to lower. 

An object of the present invention is to provide a take-up apparatus capable of taking up a tape type non- 
40 twisted carbon fil>er bundle regulariy in a diagonally crossing state without causing folds to occur on the fiber 
bundle. 

Anotherot>ject of the present invention is to provide a package of a tape type r.on-btvisted carbon fiber bun- 
dle whrch displays excellent opening and spreading characteristics when the ftoer bundle is released from the 
package. 

45 To attain these objects, the take-up apparatus according to the present invention is provkied with a structure 

consisting of a plurality of gukJe rollers or a structure consisting of a helically continuing curved guide surface 
as a guide unit adapted to traverse between a feed roller and a bobbin in the axial direction of and relatively 
to the bobbin. The fonmer stnjcture consisting of guide rollers has an Introduction guide roller disposed at sub- 
stantially right angles to the axis of the bobbin, a final guide roller disposed at -5' ±10** to the axis of the bobbin, 

50 and at least one intenmediate guide roller disposed behveen the introduction guide roller and final guide roller 
so that an angle difference l)etween an intennediate guide roller and an adjacent guide roller is not more than 
45**. The latter structure consisting of a helically continuing curved gukie surface has an introduction portk>n, 
which is fonmed so as to extend at substantially right angles to the axis of the bobbin, of the gukje surface, and 
a discharge portton. whfch is formed so as to extend at 5** ±1 0* with respect to the same axis, of the same guide 

55 surface. 

Such a structure consisting of gukje rollers or such a structure consisting of a helical curved guide surface 
is adapted to traverse relatively to the bobbin. This traverse nK>vement may be achieved by the structure men- 
tioned above or by the bobbin. The take-up operation of this take-up apparatus is carried out preferably by set- 
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ting an angle between the carbon fiber bundle winding (Advancing) direction and the rotational (circumferential) 
direction of the bobbin, i.e. a twill angle to not more than 20®. 

According to the present invention, which is provided with the guide unit described above, a tape type non- 
twisted carbon fiber bundle can be taken up regularly in a diagonally crossing state without causing any folds 
5 to occur at an end portion of a package. A package thus obtained does not have a fold of a carbon fiber bundle 
at an end portion of the package, so that the width We of the portion of the carbon fiber bundle which is wound 
around an end section of the package and that Wc of the portion thereof which is wound around an intermedite 
section of the package can t>e set substantially equal. This enables the opening characteristics of the tape type 
non*twisted carbon fiber bundle released from the package to be improved, and the width of the fit>er bundle 
io to be maintained at a constant level in the lengthwise direction thereof. 

Fig. 1 is a schematic perspective view of an embodiment of the take-up apparatus according to the present 

invention: 

Fig. 2 shows the angles between gukle rollers and the axis of a bobbin in the same take-up apparatus; 
Fig. 3 is a schematic perspective view of another embodiment of the take-up apparatus according to the 
iS present inventon; 

Figs. 4A, 4B and 4C illustrate the influence of a traverse action of a traverse guide unit on a tape type carbon 
fiber bundle during the winding of the fiber bundle around a bobbin carried out by the take-up apparatus 
according to the present invention; 

Fig. 5 is a sectional view of the tape type non-twisted carbon fiber bundle subjected to a take-up operation 
20 in the present invention; 

Fig. 6 is a schematic perspective view of a conventional take-up apparatus; 

Fig. 7 is a schematic front elevation of a package of a tape type non-twisted carbon fiber bundle which is 
taken up by a conventional take-up apparatus; and 

Fig, 8 illustrates a K-value measuring method defined in the present invention. 

25 A tape type non-twisted carbon fiber bundle to which the present Invention is applied is a fiber bundle con- 

sisting of a plurality of carbon fiber filaments consolidated into a sheet by Impregnating the same with an 
uncured resin composition, such as epoxy resin and unsaturated polyester. The tape type means a bundle hav- 
ing a flatness ratio W/t, i.e. a ratio of the width W to the thickness t of at least 10 as shown in the sectional view 
of Fig. 5. and formed continuously in the lengthwise direction thereof. Aflat surface of a tape type carbon fiber 

30 bundle indicates a surface on a longer side of a cross section thereof. Accordingly, a tape type cart>on fiber 
bundle has two flat surfaces, i.e. upper and lower flat surfaces. 

An angle 9 defined in the present inventksn is an angle between the axis of each of guide rollers or a helical 
curved surface and the axis of a bobbin, which is, for example, an angle measured with respect to a reference 
line BL parallel to the axis AX of a bobbin as shown in Fig. 2 showing the case of guide rollers as an example. 

35 The di represents an angle of an introduction guide roller 2,,ee an angle of a final guide roller 2«, and 62, 63. 64 
the angles of intermediate guide rollers 22. 23. 24. The angle 0 measured clockwise firom the reference line BL 
is to indicate a positive angle, and the angle 0 measured counterclockwise therefrom a negative angle. 

A bobbin rotating unit used in the present invention may employ either a center drive system in which a 
bobbin support shaft is rotated or a surface drive system in which a bobbin is rotated by applying a frictional 

40 force to the surface of a package, which is wound around the bobbin, in the circumferential direction thereof. 
The bobbin and the guide unit may be traversed relatively each other in the direction parallel to the axis of the 
bobbin, and a traversing unit may therefore be adapted to drive either one of the guide unit and the t>obbin. it 
is more preferatile that the guide unit be traversed as wHI be described in the following embodiments. 

in the take-up apparatus shown In Fig. 1, a tape type non-twisted carbon fiber bundle F Is fed from a supply 

45 roller 1 and taken up around a bobbin 3 via a traverse guide unit 2. The supply roller 1 is disposed at right angles 
to the axial direction of the bobbin. The bobbin is adapted to be rotated in the direction of an arrow by a center 
drive system using a driving motor 4 as a driving means. 

TY%e traverse guide unit 2 consists of a plurality of guide rollers 2i, 22. 23, 24. 2e which are supported fireely 
rotatably on a support plate 5. This support plate 5 is adapted to be traversed in parallel with the axis of the 

50 bobbin by a traversing unit consisting of a rack 6, a pinion 7 and a reciprocating ly rotating driving motor 8. In 
the guide rollers mentioned above, the initial introduction guide roller 2^ is disposed so that an angle Oi becomes 
90** with respect to the axis of the bobbin, and the final guide roller 2^ so that an angle e« be in the range of -5** 
±1 O*". The intermediate guMe rollers 22, 23, 24 are disposed so that the angles G2. 93. 94 become gradually smaller 
than the angle 9^ of the introduction guide roller 2^ with a difference between the angles of adjacent intermediate 

55 guide rollers set not more than 45**. These guide rollers 2i. 22. 23, 24. 2e are adapted to bring the tape type 
carbon fiber bundle F into contact initially with the introduction guide roller 2y and then with the gukle rollers 
22, 23. 24, 2« in order to cause the fiber bundle F to move zigzag, wheroby the flat surfaces of the fiber bundle 
are twisted gradually and set parallel on the final guide roller 23 to the axis of the bobbin, the fiber bundle F 
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being then taken up around the bobbin 3. 

Since the traverse guide unit 2 has such operation, the angle 0, of the initial introduction guide roller 2, 
with respect to the axis of the bobbin has to be maintained at substantially 90^ \f this angle exceeds or falls 
below 90*». the carbon fiber bundle being traversed is inclined with respect to the axes of the guide rollers to 
cause the width of range of winding of the fiber bundle to decrease or disturbance to occur on the end surfaces 
of a package P. 

The intenmediate guide rollers 22. 2^. 2^ are adapted to gradually twist the flat surfaces of the carbon fiber 
bundle, which they receive from the introduction guide roller 2, toward the axial direction of the bobbin so that 
these surfaces become parallel to the same direction on the final guide roller 2.. When a twisting force is thus 
applied to a flat surface of the tape type carbon fiber bundle, a twist phase difference occurs in the widthwise 
direction thereof. Since such a twist phase difference becomes large at both edge portions of the fiber bundle 
as compared with that at the middle portion thereof, uneven tension distribution occurs in the widthwise direcUon 
of the fiber bundle. Therefore, if the twisting force applied to the fiber bundle is suddenly increased, the width 
of the conresponding part of the fiber bundle decreases or this part of the fiber bundle is folded. In order to pre- 
15 vent such phenomena, it is necessary that an angle difference between adjacent intermediate guide rollers be 
set to 45** at most, and preferably to not more than 35**. 

When the tape type non-twisted carbon fiber bundle is moved to left and fight by the traverse guide unit 2 
in this take-up apparatus, the width of the fiber bundle is varied. This action will be described with reference 
to Figs. 4A. 4B and 4C. While the traverse guide unit 2 is not in traverse motton. the path along which the tape 
type carbon fiber bundle F advances does not vary as shown in Fig. 4A. so that the width of the fiber bundle 
IS maintained at a constant level. However, while the traverse guide unit 2 is moved to right, the tape type carbon 
fiber F moves therefrom, delays backward and reaches the bobbin 3 as shown in Fig. 4B. This backward delay 
of the tape type carbon fiber bundle F spreads to guide rollers in the traverse guide unit 2, so that the fiber 
bundle F advances to the inner portion of the guide rollers and moves in the direction in which the twist of the 
25 fiber bundle F is lessened. Therefore, the width of the fiber bundle F tends to increase as compared with that 
in the condition shown in Fig. 4A, in which the traverse guide unit 2 is not in traverse motion. Conversely, when 
the traverse guide unit 2 is moved to left, the fiber bundle follows the traverse action thereof in a backivartlly 
delayed state as shown in Fig. 4C. Although this phenomenon is identical with that in the case shown in Fig. 
4B. the direction in which the fiber bundle is traversed is opposite. In this case, the fiber bundle F is moved in 
30 the direction in which the twist thereof is increased with respect to the guide rollers. Therefore, the width of the 
fiber bundle F lends to decrease as compared with that in the condition of Fig. 4A in which the fiber bundle F 
is not traversed. 

The phenonienon of follow-up delay of the tape type carbon fiber bundle F. which thus occurs due to the 
traverse meovement of the traverse guide unit 2. causes the width of the fiber bundle to Increase when the 

35 traverse gukie unit 2 Is moved to right, and decrease when the traverse guide unit 2 is moved to left. The pack- 
age P formed by taking up the fiber bundle tapers, so that it has a smaller diameter at the portion thereof which 
corresponds to the right end of the package of Fig. 1 . and a larger diameter at the portion thereof which cor- 
responds to the left end of the package of Fig. 1, the wound fiber bundle therefore being liable to come loose 
The reason why the angle at %vhich the final guide roller 2^ is disposed is set in nearzero degree resides 

40 in the necessity of preventing the variation, which Is ascribed to the phenomenon of follow-up delay of the fiber 
bundle mentioned above, of the width of the fiber bundle. Refening again to Figs. 1 , 4A, 4B and 4C. in the con- 
dition of Fig. 4B in which the fib^- bundle is traversed to right with the angle G, of the final guide roller 2. set 
to, for example, -5', a follow-up delay mentioned above occur between the final guWe roller 2. and bobbin 5 
to cause the twisting force applied to the fiber bundle to increase. Accordingly, the twisting force lessening 

45 action occurring in the traverse guide unit 2 during the time in which the fiber bundle advances from the guide 
roller 2t to the final guide roller Z. is offset Conversely, in the condition of Fig. 4C in which the fiber bundle is 
traversed to left, a follow^p delay mentioned above occura to cause the fiber bundle twisting force to lessen. 
Therefore, the twisting force increasing action occurring in the traverse guide unit 2 during the time In which 
the fiber bundle advances from the guide roller 2^ to the final guide roller 2. is offset If the angle 9, at which 

60 the final guide roller 2, is disposed is set negative, the variation, which occurs when the carbon fiber bundle is 
traversed as it is twisted by the baverse guide unit 2. can be minimized. 

However, rf the angle 8, of the final guide roller by which the above-mentioned action Is made is less than 
-15«, a total twist angle becomes excessively large, so that it becomes difficult to carry out a stable take-up 
operation. In the case where the variation of the width of a tape type carbon fiber bundle can be offset easUy 

85 by the defonmation of the material thereof, and. in the case where the variation of the wklth of a fiber bundle 
and a difference of the diameters of wound fiber bundle can be neglected because of the smallness of the origi- 
nal width of the fiber bundle, setting the angle 6. in the mentioned manner is not necessarily required- Even 
when the angle e. Is set to +5« at most in this case, a flat surface of the fiber bundle can always be set parallel 
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to the axis of the t>obbin. Accordingly, folds do not occur at the fold-back end of a traversed fiber bundle, and 
the object of the present invention can be achieved. 

In the traverse guide unit, it is preferable that each guide rotler be ready to be rotated freely and smoothly, 
if the traverse guide unit is set In this manner* the occurrence of fluff on the fiber bundle, which is ascribed to 

5 the friction of the guide rollers, can be minimized. It is preferable that each guide roller k>e supported integrally 
at its axial portion on a support plate. If each guide roller is thus supported integrally on a support plate, the 
angle of the guide roller can be maintained at a constant level, and the vibration of the guide rollers during an 
operation thereof can be reduced. 

When a tape type carbon fiber bundle is taken up by this take-up apparatus, it is preferable that an angle 

10 between the fiber bundle winding direction with respect to the bobbin 3 and the drcumferential direction of the 
bobbin, i.e. a twill angle be set at not more than 20*^. V^en the twill angle is set larger than 20®, the follow-up 
delay of the fiber bundle F fed from the traverse guide unit 2 increases with the increase of the same angle, 
so that fold is liable to occur at the fold-back end of the traversed fiber bundle. The setting of the twill angle to 
not more than 20^ can be done easily by selectively setting various conditions Including the width of range and 

IS the cycle of the fiber bundle traversing action, take-up speed and diameter of a winding of fiber bundle. 

Fig. 3 shows another n>ode of embodiment of the present invention. In this embodiment, a helical continuing 
curved guide surface 12 is used instead of the abovementioned guide rollers as a traverse guide unit. This cur- 
ved guide surface 12 is formed so that an angle da of a surface 12a. onto which a tape type carbon fiber bundle 
F is initially introduced, with respect to the axial direction of a bobbin becomes substantially 90** with an angle 

20 Ob of a discharge surface 12b with respect to the axial direction of the t>obbin becoming -5° ±10''. The inter- 
mediate portion of the guide surface 12 which is between these introduction surface 12a and discharge surface 
12b consists of a helically continuing curved surface having a differential angle (8. -6b). The curved guide sur- 
face 12 is provided with the above-mentioned traverse guide unit consisting of guide rollers, and it is thereby 
laterally moved. 

25 The curved guide surfece 12 mentioned above is adapted to guide the tapetype carbon fiber bundle F, 

which is fed from the supply roller 1, and apply a twisting force to the flat surface thereof forcibly and gradually, 
whereby the flat surface can be set parallel to the axial direction of the bobbin on the discharge surface 12b. 

Such a traverse guide unit 2 may be of a plate type as shown in Fig. 5, and it may also be of a box type 
the front and rear sides of which being covered with walls. In the case of a box type traverse guide unit, the 

30 fiber bundle is restricted by the inner surfaces of the front and rear walls while It is traversed, and, therefore; 
it becomes unnecessary to provide any auxiliary bundle displacement preventing memtier. In the case of a plate 
type traverse guide unit it is necessary to provide the introduction portion of the curved guide surfac 12 with a 
pair of guide rollers 9 as bundle displacement preventing memt>ers. Such a displacement preventing means 
may consist of a slit type or comb type guide. 

35 In the case of the take-up apparatus of Fig. 3, the flat surface of the tape type carbon fiber bundle can also 

be set parallel at all times to the axial direction of the bobbin, so that the occunrence of folds at the fold-back 
end of the traversed fiber bundle can be prevented, in the same manner as in the previously descrit>ed embo- 
diment It IS preferable that the curved guide surface be formed out of a selected material having high frtotional 
resistance and surface smoothness. 

40 In the package obtained from the take-up apparatus according to the present Invention, the flat surface of 

the tape type non-twisted carbon fiber bundle is laminated regularly in a diagonally crossing state, and the width 
We of the portion of the fiber bundle which is wound at an end portion of the package and that Wc of the portion 
thereof which is wound at the intermediate portion of the package are substantially equal to each other. In more 
detail, the relation between the width We of the portion of the fiber bundle which is wound at an end portion of 

45 the package and that Wc of the portion thereof which is wound at the intermediate portion of the package can 
be set to We ^ Wc x 0.9. Accordingly, folds do not occur in the carbon fiber bundle, and the width of the fiber 
bundle is constant, i.e., does not vary in the lengthwise direction thereof. 

A tape type non-twisted carbon ftt>er bundle taken up by the take-up apparatus according to the present 
invention preferably has a comparatively high rigidity. Using a carbon fiber bundle having a K-value. which is 

50 representative of its rigidity, and which will be described as follows, of not less than 10 cm is recommended. 
If the rigidity of a carbon fiber bundle is set to a K-value of not less than 1 0 cm, each filament in the fit>er knindle 
becomes difficult to be moved. Therefore, the disarray of the regulariy arranged fibers can substantially be pre- 
vented when the fiber bundle is taken up by tiie take-up apparatus, or when the fiber bundle is released from 
the package obtained. This enables a package free from the occurrence of folds on the carbon fiber t>undle 

55 and variation of the width of the carbon fiber bundle in the lengthwise direction thereof to be obtained more 
easily. 

The K-value referred to above is determined by a measuring instrument shown in Fig. 8. This measuring 
instrument consists of a block type measuring base 21 having a setting surface 21a on which a sample S of a 

5 
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carbon fiber bundle F is fixed, and a measuring surface 21b. which are fonned at 90° to each other. A sample 
S of a carbon fiber bundle Is set straight in an atmosphere of 22 ±3 *C and 60 ±5 % RH before the measurement 
of the sample S Is conducted, by suspending a load of 0.005 g/d from the sample for 15 minutes. The sample 
S of fiber bundle is then fixed on the setting surface 21a of the measuring base 21 by a fixing member 22 so 
tfiat the length of the portion of the sample S which projects from the measuring surface 21 b becomes 25 cm. 
The sample S of carbon fiber bundle continues to curve at its laterally extending free end portion in the down- 
ward direction as shown in the drawing. When the fiber bundle finely stops curving, a horizontal distance K 
beNveen the measuring surface 21b and the free end of the sample S Is measured. A measurement value thus 
obtained and expressed in terms of centimeters is determined as a K value.. 

In order to set the rigidity of a carbon fiber bundle so that the fiber bundle has a K value of not less than 
10 cm. it is effective to use an epoxy sizing agent in. for example, a fiber bundle sizing treatment, and then 
subject the fiber bundle to a drying treatment at a high temperature of not lower than 200 'C. 

Empirical examples of the embodiments and comparative examples will now be shown, In which the evalu- 
ation of cart>on fiber bundles was made as follows. 

Folds on carbon fiber bundle: Number of folds appeared on a fiber bundle per 1 00 turns of windings thereof 
when the fiber bundle was released from a package thereof. 

Width of carbon fiber bundle: A fiber bundle was withdrawn intermittently from a package thereof in the left 
and right fiber bundle traversing direction and observed at such 20 portions of the fiber bundle with respect to 
each fiber bundle traversing direcUon that con-espond to the ends of every one tum of the fiber bundle, by mag- 
nifying these portions with a magnifying glass of magnifying power of 4. The width of the fiber bundle is 
measured with a scale graduated in 5 mm, and the measurement results were expressed in 0 1 mm The 
measurement values (in millimeters) obtained at 20 portions of the fiber bundle were averaged, and the average 
vlues were shown as object values. 

Appearance of wound fiber bundle: Package having a difference in the fiber bundle winding tightness be- 
25 tween the left and right portions thereof and being likely to come loose was rated "bad". 

Examples 1-3 and Comparative Examples 1-3: 

Six apparatuses (for Examples 1 to 3 and Comparative Examples 1 to 3) having travere guide units shown 
in Rg. 1 in which a maximum difference between the angles of the guide rollers varies as shown in Table 1 
were set up. In each of these take-up apparatuses provided with such traverse guide units, a tape type non- 
twisted carbon fiber bundle which will be defined later was taken up around a bobbin of 80 mm in outer diamter 
and 200 mm in length with a traverse width of 15 cm and at a traverse speed of 1 m/min and a twill angle of 
10*. ^ 

This tape fype non-twisted carbon fiber bundle was prepared by baking 12000-filament polyacrylonitrile 
fiber yam of a fineness of 1.3 denier by a regular method, and the resultant fiber yam was introduced into a 
bath of a concentration of 3 % by weight of diglycldyl ether bisphenol A type epoxy resin so as to be subjected 
to a sizing treatment. The resultant fiber bundle had a weight of per unit length of 0.8 g/m. 

The guide rollers In the above-mentioned traverse guide unit consisted of five SUS rollers of 15 mm in 
diameter and 30 mm in length, and were assembled by disposing the same rotatably so that a minimum distance 
between two adjacent rollers became 20 mm as shown in Fig. 2. These guide rollers were disposed incliningly 
so that the angles of Inclination e,, of an Introduction guide roller and a final guide roller were 90« and -5« 
respectively. 

A carbon fiber bundle was withdrawn from a package obtained from each take-up apparatus, and the wkJth 
We (mm) of the portion of the fiber bundle which corresponded to an end portion of the package and that Wc 
(mm) of the portton of the fiber bundle which corresponded to an intermediate portion thereof, and the number 
of folds found on the fiber bundle were determined. The results shown in Table 1 were obtained. 
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Examples 4-8 and Comparative Examples 4-6: 

Take-up apparatuses were set up so that they had the same conditions as the apparatus used in Example 
35 1 except that a maximum difference t>etween the angles of guide rollers was set to 35*" with the angle e« only 
of a final guide roller set to different levels in different apparatuses, and a tape type non-twisted cart>on fiber 
bundle which was identical with the fiber bundle in Example 1 was taken up under the same take-up conditions. 

The carbon fiber bundle was released from a package obtained in each take-up apparatus to check the 
number of folds thereon, determine the width thereof and evaluate the appearnace of the winding thereof. The 
40 results shown In Table 2 were obtained. 
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30 Example 9: 

The same tape type non-twisted carbon fiber bundle as in Example 1 was taken up under the same take-up 
conditions therein with a maximum difference between the angles of the guide rollere In the travere guide unit 
set to 30^ A winding twill angle was varied to 5-. 1 0*. 20^ ZS** and 30« in accordance with a fiber bundle travers- 
Ing speed. As a result, no folds were found on the fiber bundle taken up with a twill angle of not more than 20% 
and folds occurred on the fiber bundle taken up with a twill angle of not less than 25**. 

Comparative Example 7: 

The same tape type non-twisted carbon fiber bundle as In Example 1 was taken up under the same take-up 
conditions therein except that the take-up apparatus shown In Rg. 6 and having a pair of traverse guide rollers 
of 20 mm in diameter was used. 

The fiber bundle was released from the package obtained, and the condition of occurrence of folds thereon 
was checked. It was ascertained that the fiber bundle had 131 folds. It was also ascertained that the width of 
the fiber bundle varied in its lengthwise direction in the range of 4.1 to S.5 mm. 

Examples 10-12 and Comparative Examples 8-9: 

A flat SUS plate 50 mm in width and 20 cm in length was twisted helically to fomi a curved surface shown 
in Fig. 3. An angle G, of its introduction surface portion and an angle e^of its discharge surface portion were 
set different as shown in Table 3. A pair of guide rollers 10 mm in diameter were provided above the introduction 
surface portion. Take-up apparatuses (for Examples 10 to 12 and Comparative Examples 8 to 9) provided with 
such parts were made. The same tape type non-twisted carbon fiber bundle as In Example 1 was taken up 
under the same take-up conditions in each of these take-up apparatuses. 

The appearance of a package obtained in each take-up apparatus was evaluated, and the fiber bundle was 
released from the package to check the number of folds on and the variation of the width of the fiber bundle. 
The results shown in Table 3 were obtained. 
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Examples 13-16 and Comparative Examples 10-11: 

35 The same carbon fiber bundles as in Example 1 were subjected to a sizing treatment The resultant fiber 

bundles were then subjected to a heat treatment and a drying treatment with the conditions for these steps set 
differently. Consequently, tape type non-twisted carbin fiber bundles having different K values shown In Table 
4 were obtained. These fiber bundles were ttien taken up by the same take-up appratus as in Example 1 under 
the same take-up conditions. 

40 The width We of the portions of the fiber bundles in each package obtained which was on an end portion 

of the package and the width Wc of the portion of the fit>er bundle therein which was on the intermediate portion 
of the package were measured, and the results shown in Table 4 were obtained. 

The fiber bundle was released from each package, and a prepreg in which a plurality of fiber bundles were 
arranged In one direction was made. The external appearance of the prepreg was observed, and the variatton 

45 of the width of per one tnindle in the prepreg was determined. The results shown in Table 4 were obtained. 
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Claims 

1. A take-up apparatus for tape type non-twisted carbon fiber bundles, comprising a structure consisting of 
guide rollers adapted to first receive a cart>on fiber bundle from a fiber bundle supply source, a bobbin 

40 adapted to take up therearound said fiber bundle sent out from said guide roller structure, a driving means 

for rotating said bobbin, and a traverse drive unit adapted to traverse said guide roller structure and saM 
bobbin reciprocatingly and relatively to each other in parallel with the axial direction of said bobbin, sakj 
guide roller staicture consisting of an Introduction guide roller disposed so that an angle Gi between saM 
introduction guide roller and the axial dIrecUon of said bobbin Is substantially 90". a final guide roller dis- 

45 posed so thai an angle 9, between it and the axial direction of said bobbin is -5*' and at least one 

Intennediate gukie roller disposed between said introducUon guide roller and said final guide roller so that 
an angle difference between an intermediate gukle roller and an adjacent guide roller is not more than 
45^ 

50 2. A take-up apparatus according to claim 1 , wherein a direction In whteh said fiber bundle Is wound around 
said bobbin is set to not more than 20** with respect to the circumferential direction of said bobbin. 

3. A take-up apparatus according to daim 1. wherein said guide roller structure is adapted to be traversed 
reciprocatingly in parallel with the axial direction of said bobbin by said traverse unit 

55 

4. A take-up apparatus according to daim 1 , wherein said t>obbin is adapted to be traversed reciprocatingly 
in paraOel with the axial direction of said kx>bbin by said traverse drive unit 

10 
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5. A take-up apparatus for tape type non-twisted carbon fiber bundles, comprising a structure having a heli- 
cally continuing cun/ed guide surface adapted to guide a carbon fiber bundle fed from a fiber bundle supply 
source, a t>obbin adapted to take up therearound said fiber bundle sent out from said structure, . driving 
means for rotating said bobbin, and a traverse drive unit adapted to traverse said structure and said bobbin 
rectpiocatingly and relatively to each other in parallel with the axial direction of said bobbin, and angle 8. 
beween an initial portion, i.e. an introduction surface portion of said curved guide surface and the axial 
direction of said bobbin t>eing substantially 90®. an angle 6b between a final portion. i.e. adischarge surface 
portion of said curved surface and the axial direction of said bobbin being in the range of -S"" ± 10^ 

6. A take-up apparatus according to datm 5, wherein a direction in which said fiber bundle is wound around 
said bobbin is set to not more than 20** with respect to the circumferential direction of said bobbin. 

7. A takoHip apparatus according to claim 5. wherein said structure consisting of said curved guide surface 
is adapted to be traversed reciprocatingly in parallel with the axial direction of said bobbin by sakl traverse 
drive unit 

8. A take-up apparatus according to claim 5, wherein said bobbin is adapted to be traversed reciprocatingly 
in parallel with the axial direction of said bobbin by said traverse drive unit 

9. A package of tape type non-twisted carbon fiber bundles, characterized in that the width We of the portions 
of said fiber bundles whk;h are wound at an end portion of said package and that Wc of the portions of 
said fiber bundles which are wound at an intermediate portion of said package are substantially equal to 
each other. 

10. A package according to daim 9, wherein the rigidity of each of said tape type non-twisted carbon fiber 
bundles is such that a K value thereof defined in this specification is not less than 10 cm. 

11. A package according to daim 9, wherein the relation between the width We of the portions of said fiber 
bundles which are wound at an end portion of said package and that Wc of the portions of said fiber bundles 
which are wound at an intermediate portion of said package is We ^ Wc x 0.9. 
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Fig.l 
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